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Abstract. We study the impact of the often neglected lensing contribution to galaxy number
counts on the Eg statistics which is used to constrain deviations from GR. This contribution
affects both the galaxy-galaxy and the convergence-galaxy spectra, while it is larger for the
latter. At higher redshifts probed by upcoming surveys, for instance at z = 1.5, neglecting
this term induces an error of (25 − 40)% in the spectra and therefore on the Eg statistics
which is constructed from the combination of the two. Moreover, including it, renders the
Eg statistics scale and bias-dependent and hence puts into question its very objective.
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1 Introduction
Understanding the cause of the current accelerated expansion of the universe remains a
challenge since its discovery [1, 2]. Within general relativity (GR), a finely tuned cosmological
constant or a dynamical dark energy component can account for the observed acceleration.
On the other hand, modifications to GR on cosmological scales can provide an alternative
explanation. Distinguishing between these scenarios is one of the main tasks of current
and upcoming cosmological large scale structure surveys. At the level of the background,
the predictions of most modified gravity and dark energy models are indistinguishable from
one another as they can both explain the cosmic acceleration. However in the perturbative
regime modified gravity models typically differ from GR. Therefore current and upcoming
large scale structure surveys [3–7] which probe the evolution of perturbations through weak
lensing, redshift space distortions (RSD) and galaxy clustering provide a powerful probe to
distinguish between the two ideas.
Gravitational lensing is sensitive to the sum of the two gravitational potentials Φ + Ψ
while galaxy clustering of non-relativistic particles is sensitive to the Newtonian potential Ψ
only. Therefore the combination of the two observables probes the relation between the two
gravitational potentials. Within GR, in the absence of anisotropic stress, which is very small
for standard ΛCDM and quintessence dark energy models, the two are equal. In modified
gravity models even in the absence of anisotropic stress, there can be a systematic shift
between the two referred to as “gravitational slip” 1. RSD is in addition sensitive to the
rate of growth of structure which in turn depends on the theory of gravity. Combining these
three observables into a single statistics, Zhang et al. [8] introduced the Eg statistics which is
simultaneously sensitive to modifications to the growth rate, gravitational slip or both. Each
of the observables combined in Eg depends on the galaxy bias, i.e., the relation between the
galaxies density fluctuations, δg, and the underlying dark matter density fluctuations, δm,
defined by δg = bδm which in principle is non-linear and scale dependent. On large scales, the
biasing relation can be considered to be linear. However, the Eg statistics which is the ratio
of galaxy-lensing cross-correlation to the galaxy-velocity cross-correlation is considered to be
independent of bias if the same population of galaxies is used to make both measurements.
There have been several measurements of Eg using various data sets [9–11]. The Eg
statistics in these measurements has a slightly different definition than that introduced by
Zhang et al. First, the three measurements, used the product of galaxy auto-correlations and
β = f/b instead of using the galaxy-velocity cross-correlation which is in general difficult to
measure. The galaxy-lensing cross-correlation and galaxy auto-correlation are measured from
the same survey while β is obtained from another survey. Second, in the first two measure-
ments, Fourier-space quantities are replaced by real-space correlation functions. Moreover
Pullen et al [11], used the CMB lensing-galaxy cross-correlation instead of galaxy-lensing
cross-correlations. While the first two measurement of Eg are consistent within 1σ with pre-
dicted values of GR, the third measurement is in tension with the GR prediction at a level
of 2.6 σ.
In a recent paper, Leonard et. al. [12] investigated the impact of uncertainties in various
theoretical and observational parameters that can modify the GR prediction of Eg. In par-
ticular they studied how the scale-dependence of galaxy bias will put the efficiency of Eg as a
1Here we consider modifications of gravity in the Jordan frame. By going to the Einstein frame one can
actually move modifications of gravity from a gravitational slip into a fifth force, i.e., a modification of the
acceleration equation.
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scale-independent measure of deviations from GR into question. In this short paper we dis-
cuss an additional difficulty in measuring Eg and we investigate quantitatively its importance
for different observational settings. This is related to the following fact which has recently
been put forward [13–16]: when observing galaxies we cannot directly measure δg(x, z), but
we see photons which have travelled on perturbed geodesics into our telescope. Furthermore,
we truly observe the galaxy distribution in angular and redshift space. Whenever we convert
this into distances, we make assumptions about the cosmological parameters which we actu-
ally want to estimate. For small redshifts, z  1 this can be absorbed by measuring distances
in units of h−1Mpc, where H0 = 100h kms−1Mpc−1 is the present Hubble parameter, but
for larger redshifts this relation depends sensitively on all the density parameters, Ωm, ΩK
and ΩΛ. As we show here, accounting for these effects, introduces additional contributions
to the galaxy-galaxy auto-spectrum and the galaxy-convergence cross-spectrum and in turn
renders Eg bias dependent.
The remainder of this paper is structured as follows: In Section 2 we outline the theoret-
ical background material. In Section 3 we present numerical results for different observational
situations and in Section 4 we conclude.
2 The theory
We consider only scalar perturbations, for a flat ΛCDM universe described by a perturbed
Friedmann-Robertson-Walker metric. We use the following notation for the metric in the
conformal Newtonian gauge
ds2 = a2(t)
[−(1 + 2Ψ)dt2 + (1− 2Φ)δijdxidxj] . (2.1)
Within GR, in the absence of anisotropic stress, the two gravitational potentials are equal
Φ = Ψ. Moreover the gravitational potential Φ is related to the matter over density, δm in
comoving gauge, via the Poisson equation
k2Φ = 4piGρ¯a2δm(k, z) =
3
2
H20 (1 + z)Ω0,mδm(k, z) . (2.2)
Modified gravity models generally change this relation in addition to changing the relation be-
tween the gravitational potential and the matter over density via changing the Poisson equa-
tion. Since lensing is sensitive to the projected matter density, more precisely to ∇2(Φ + Ψ)
while the peculiar velocity field of non-relativistic particles is sensitive to the time-component
of the metric and hence Ψ, the ratio of the two can be used to test the relation between the
two gravitational potentials. This is the basis for the Eg statistics defined as [8]
Eg(z, k) =
k2(Φ + Ψ)
3H20 (1 + z)θ(k)
. (2.3)
It is sensitive to deviations from GR through its sensitivity to the relation between the two
gravitational potentials and the growth rate. Here θ is the divergence of the peculiar velocity
field which on linear scales, in a ΛCDM cosmology is given by θ(k) = f(z)δm(k, z) where
f(z) is the growth rate. Within GR it is given by f(z) ' [Ωm(z)]0.55. Assuming ΛCDM
cosmology, Eg simply becomes Eg(z, k) = Ωm,0/f(z) which on linear scales is therefore a
scale-independent quantity. At linear level, modification to GR can be phenomenologically
parameterized by introducing two arbitrary functions µ(k, z) and γ(k, z) such that
k2Φ = 4piGρ¯a2µ(k, z)δm(k, z) ,
Ψ = γ(k, z)Φ . (2.4)
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Eg is related to these parameters of modified gravity models via
Eg(k, z) =
Ωm,0 µ(k, z) [γ(k, z) + 1]
2f
. (2.5)
Note that the growth rate is typically also modified with respect to that of GR. Modifications
of GR therefore in general render Eg scale dependent or at least change its redshift depen-
dence. This, and its bias-independence make it a useful statistics to test for modifications of
GR.
Given the definition of Eg, one can construct various estimators to extract the informa-
tion about the gravitational potentials. Zhang et. al. [8] proposed using cross-correlations
of galaxies with the shear of the background galaxies, i.e., using the galaxy-galaxy lensing
and the cross correlations of galaxies with the velocity field using RSD. Reyes et al. [9] im-
plemented this consistency test by considering the product of the galaxy-galaxy auto-power
spectrum and the RSD parameter β = f/bg obtained from independent measurements in-
stead of the galaxy-velocity cross-spectrum measured from RSD. Recently Pullen et al. [11]
advocated using the CMB convergence-galaxy cross-correlation instead of galaxy-galaxy lens-
ing as a more robust lensing tracer which can probe Eg at higher redshifts and larger scales
than what is possible with galaxy lensing. For the rest of this paper we discuss this estimator.
Due to lensing by the intervening matter, the CMB photons observed in direction n
were emitted in directions n + ∇φ(n), where φ(n) is the lensing potential. The lensing
convergence κ(n, z) is the determinant of the lens map and in multipole space, related to the
lensing potential by 2κ`m = `(`+ 1)φ`m, it is given by
κ(n, z) =
1
2
∫ χ(z)
0
dχ
χ(z)− χ
χ(z)χ
∇2Ω(Φ + Ψ)(χ(z)n, t) =
1
2
∇2Ωφ(n, z) , (2.6)
where χ(z) is the comoving distance to redshift z. The conformal time is simply t = t0−χ(z),
where t0 is present time. The operator ∇2Ω indicates the Laplacian on the sphere. For the
CMB lensing signal z = 1080 ≡ z∗. The convergence-galaxy cross-spectrum is then given by
〈κ(n, z∗)δg(n′, z′)〉 = 1
2
∫ χ(z∗)
0
dχ
χ(z∗)− χ
χ(z∗)χ
〈∇2Ω(Φ + Ψ)(nχ, t0 − χ)δg(χ(z′)n′, t0 − χ(z′))〉 .
(2.7)
Expanding the convergence and the galaxy fields into spherical harmonics
κ(n, z) =
∑
`m
aκ`m(z)Y`m(n),
δg(n, z) =
∑
`m
ag`m(z)Y`m(n), (2.8)
the galaxy-convergence angular cross-spectrum is defined in terms of the cross-correlation as
〈κ(n, z)δg(n′, z′)〉 = 1
4pi
∑
`
(2`+ 1)Cκg` (z, z
′)P`(n · n′) . (2.9)
where P` is the Legendre polynomial of degree ` and the convergence-galaxy cross-spectrum
is given by
Cκg` (z, z
′) = 〈aκ`m(z)ag∗`m(z′)〉, (2.10)
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Correspondingly one can define the galaxy-galaxy power spectrum
Cgg` (z, z
′) = 〈ag`m(z)ag∗`m(z′)〉 . (2.11)
Using these two observables in addition to the measurement of the parameter β from the
redshift space distortions in the power spectrum, we can construct the the Eg estimator as
[11]
Eg(z, `) = Γ
Cκg` (z∗, z)
βCgg` (z, z)
. (2.12)
Γ is a factor correcting for the window function of the lensing integral and the redshift
distribution of the observed galaxies (see [11] for details). Both, Cκg` and βC
gg
` are linear in the
galaxy bias b so that the ratio Eg is bias independent. At present, the dominant uncertainty in
this measurement comes from CMB lensing noise. Using the cross-correlation of the Planck
CMB lensing map with the Sloan Digital Sky Survey III (SDSS-III), the CMASS galaxy
sample, and combining this with measurements of the CMASS auto-power spectrum and the
RSD parameter β, Pullen et al. [11] find Eg(z = 0.57) = 0.243 ± 0.060(stat) ± 0.013(sys)
which is in tension with the GR prediction Eg(z = 0.57|GR) = 0.402± 0.012 by 2.6σ.
In the present paper we show, that the measurements performed for Eg(z) do not exactly
measure what has been calculated. They are affected by additional lensing terms appearing
whenever we observe galaxies at appreciable redshifts. This observation which we detail
and quantify below also affects other proposals to measure Eg(z) which have been presented
in [9, 10, 12].
In Refs. [15, 16] it has been shown that when we correlate number density fluctuations
of galaxies at ‘high redshift’, i.e. z & 0.5 or at very large scales, relativistic effects coming
from volume perturbations and from the fact that observations are made on the perturbed
background lightcone have to be taken into account. The simplest of these are the well known
redshift space distortion [17] which represents the longitudinal deformation of the volume and
lensing [18] which is the transversal volume deformation including a possible magnification
bias. If relatively large redshift bins are considered, ∆z & 0.1, redshift space distortion can
be completely neglected and if all the scales involved are significantly subhorizon, say ` > 20
also the effects involving the gravitational potential directly (integrated Sachs-Wolfe effect,
Shapiro time delay etc.) can be ignored, however, the term coming from lensing has to be
included so that the galaxy fluctuations in direction n and at redshift z can be approximated
by (see for instance [19] for the full expression of ∆g at linear order)
∆g(n, z) = bδm(χ(z)n, z) +
(
1− 5
2
s
)∫ χ(z)
0
dχ
χ(z)− χ
χ(z)χ
∇2Ω(Φ + Ψ)(χn, t0 − χ) . (2.13)
b is the galaxy bias relating the galaxy overdensity to the underlying dark matter. For a
flux-limited survey, s is the magnification bias describing the slope of the luminosity function
s(z,mlim) ≡ −2
5
dln n¯g(z, L > L∗)
dln L
∣∣∣∣
L∗
(2.14)
where L∗ is the luminosity threshold.
For ΛCDM, setting Φ = Ψ and using Limber approximation [20] one can write the
angular power spectra in terms of the primordial power spectrum P (k) as
– 4 –
Cgg` (z, z) =
1
2pi2
∫ ∞
0
dk k2P (k)W g` (k, z)W
g
` (k, z) (2.15)
Cκg` (z∗, z) =
1
2pi2
∫ ∞
0
dk k2P (k)W κ` (k, z∗)W
g
` (k, z) . (2.16)
The kernels of the galaxy number count and the CMB lensing are given by
W κ` (k, z∗) =
3Ωm0H
2
0
2
∫ z∗
0
dz
H(z)
χ(χ∗ − χ)
χ∗
(z)D(z)j`(kχ(z)) (2.17)
W g` (k, z) =
∫ z∗
0
dz w(z)
dN
dz
T g` (z, k) (2.18)
where w(z) is the window function describing the redshift bin in a given survey and χ∗ =
χ(z∗). D(z) is the growth function defined by
δm(z, k) =
D(z)
1 + z
δ0(k) ,
where δ0(k) is the (linear) density fluctuation today and P (k) is its power spectrum. dN/dz
is the redshift distribution of the galaxies considered. The transfer function T g` (z, k) is given
by
T g` (z, k) =
[
j`(kχ(z))b
D(z)
1 + z
+ (2− 5s)W κ` (k, z)
]
,
where the galaxy bias, b in general depends on redshift and on scale. This includes the
terms of Eq. (2.13), assuming Φ = Ψ. It is a good approximation when the redshift slice is
rather wide so that redshift space distortions can be neglected and for ` > 20 so that also
contributions from the gravitational potential can be neglected. In our numerical results
we show also the other relativistic contributions and the contribution from RSD. The full
formula for all terms is given in [19] and we do not repeat it here.
The second term in T g` (z, k) comes from the fact that the transversal volume (or better
the area) seen under a given opening angle is modified by lensing of foreground galaxies [15].
If not all galaxies are seen but some ‘make it into the survey’ due to magnification by lensing,
there is an additional contribution from magnification termed ‘magnification bias’ [16]. We
neglect this in the present discussion, but depending on the details of a given survey this
term can be very relevant, see e.g. [21].
Clearly, the second term of (2.13) is neglected in the analysis of [11]. This term also
contributes to the galaxy-galaxy lensing, i.e. the cross-correlation of the shear of a background
galaxy with the lens galaxy, Cκg` in the same way and thus affects the other estimator used
by Reyes et al. . For brevity and simplicity we concentrate here on the analysis presented
in [11]. Note that in the correct analysis the Cκg` (z∗, z) term contains also a 2C
κκ
` (z∗, z), while
the Cgg` (z, z) term contains in addition to the expression in eq. (2.18) 4C
κg
` (z, z)+4C
κκ
` (z, z).
Here z denotes the redshift of the galaxy survey.
For what follows, we assume a Gaussian window with half width ∆z = 0.1. More-
over we consider two different galaxy redshift distributions: for low redshifts, we consider a
distribution for a DES-like survey,
dN
dz
∝
(
z
zg
)2
exp
[
−
(
z
zg
)2]
(2.19)
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and for high redshifts, we utilize a normal distribution [22, 23],
dN
dz
=
1
σ
√
2pi
exp
(
−(z − zg)
2
2σ2
)
. (2.20)
The results we present in the next section, only weakly depend on the assumed galaxy
distribution. For instance at z = 1.5 we have also computed the same quantities for the
DES-like distribution defined in Eq. (2.19) with very similar results.
3 Results
In this section we show that the most relevant effect is neglecting 2Cκκ` (z∗, z) in the expression
for Cκg` . Even though it accounts for less than 5% in a measurement with zg = 0.57, it goes in
the right direction since κ and δ are anti-correlated so that this term reduces the signal. We
shall also see that the contribution becomes more important at higher redshift and therefore
certainly cannot be neglected in future surveys.
We work within linear perturbation theory and compute all the terms missing in the
standard analysis. In addition to the lensing contribution, we also compute the contribu-
tion from redshift space distortions and the gravitational potential terms to ensure a control
over our approximations. We use the CLASS code [19, 24] to calculate the spectra. We
assume a six-parameter cosmology with ns = 0.9682, As = 2.2006×10−9, τ = 0.079, Ωbh2 =
0.02225, Ωch
2 = 0.1194 and h = 0.6748. For simplicity, we set the galaxy bias to b = 1
and magnification bias to s = 0. It should be noted that the exact value of the galaxy bias
and magnification bias, determines the relative importance of the lensing and density con-
tributions. Therefore one has to input the values for these parameters for the corresponding
redshift and galaxy population of a given survey.
The relative errors on Cκg` and C
gg
` are defined as
∆Cκg`
Cκg`
=
C lens−dens` − C lens−all`
C lens−dens`
,
∆Cgg`
Cgg`
=
Cdens−dens` − Call−all`
Cdens−dens`
, (3.1)
where C lens−dens` denotes the correlation of density with κ while C
lens−all
` is the cross-correlation
of the full galaxy number counts at first order (see for instance [19]) with κ. Cdens−dens` refers
to the galaxy auto-correlation when only the density contribution is accounted for while
Call−all` is calculated using the full first-order expression for the galaxy number counts.
In Fig. 1 we plot different contribution to Cκg` for galaxy sample at two different redshifts
zg = 0.57 and zg = 1.5. Clearly, the dominant term is the correlation of the density with
κ (denoted ‘lens-dens’) which is taken into account in the standard analysis. But the ‘lens-
lens’ term, 2Cκκ` amounts to nearly 5% already at z = 0.57 and becomes up to (25–40)% at
z = 1.5. Note that for z = 1.5 at ` . 25 the ‘lens-lens’ term even dominates and changes the
sign of the total signal.
Therefore, even though this contribution cannot explain the 2.6σ discrepancy observed
by [11], it goes in the right direction and reduces the tension to below 2σ. What is more
important is that in order to take advantage of the wealth of information from future surveys
such as Euclid, which probe higher redshifts, to constrain Eg with higher precision, we
definitely have to include the lensing term. Unfortunately with this contribution the ratio
Cκg/(βCgg) is no longer bias-independent and so this quantity looses its interest to a large
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Figure 1. Top panel shows the convergence-galaxy cross-spectrum when the galaxies are taken
at zg = 0.57 on the left and zg = 1.5 on the right panel. Different lines correspond to different
contributions to the galaxy number counts, dashed lines denote negative correlations. The bottom
panel shows the relative error induced if only the density contribution to galaxy number count is
accounted for. For the matter power spectrum, the non-linear spectrum obtained from halo-fit is
used. The redshift distribution of galaxies dN/dz at zg = 0.57 is taken to be that of a DES-like
survey, (2.19), while for zg = 1.5 a normal distribution, (2.20), with σ = 0.68 is used. These cross-
spectra are calculated for b = 1 and s = 0. The latest measurement error from DES science-verification
data [25] and H-ATLAS galaxies [23] is of the order of 10% which is expected to improve.
extent. The contribution from redshift space distortions (denoted ‘lens-RSD’) and the one
from the gravitational potential terms (denoted ‘lens-GR’) remain very small on all scales.
Neglecting the lensing terms also affects the galaxy-galaxy auto-spectrum. The effect
is however smaller than that on convergence-galaxy cross-spectrum. In Fig. 2 we show the
contribution from different terms to the signal. The effect of the new terms at ` > 100 is on
the level of 2% for zg = 0.57 and only slightly larger for zg = 1.5. Notice that the sign of the
relative error changes, i.e. at lower redshift, including the other contributions in addition to
the ‘density-density’ term, reduces the galaxy-galaxy spectrum while for the higher redshift,
it is increased. This is due to the fact that while at lower redshift, the RSD contribution
and also the lens-lens term which are both positive are negligible for ` > 50, while at higher
redshift these contributions, especially the lens-lens term become more important and more
than compensate the negative dens-lens term so that now there is an increase in the galaxy-
galaxy spectrum with respect to only accounting for the ‘dens-dens’ term.
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Figure 2. The galaxy-galaxy auto-correlation (top panel) and the relative error (bottom panels) are
shown. The galaxies are at the same redshifts zg = 0.57 on the left and zg = 1.5 on the right. Here
’all-all’ is the galaxy auto-correlation when all the contributions are included, while ’dens-X’ (where
X can be dens, lens, GR and RSD) refer to the correlation between the density term with each of
the other contributions, and ’lens-lens’ refers to the correlation between the lensing contributions in
both terms. The non-linear matter density employing halo-fit is used. The redshift distributions of
galaxies dN/dz are the same as in Fig 1. These cross-spectra are calculated for b = 1 and s = 0. The
latest measurement error from DES science-verification data [25] and H-ATLAS galaxies [23] is of the
order of 10% which is expected to improve.
In Fig. 3 we plot the relative error on Eg defined as
∆Eg
Eg
= 1− C
dens−dens
`
C lens−dens`
C lens−all`
Call−all`
. (3.2)
Including the additional terms in the convergence-galaxy and galaxy-galaxy cross and auto
spectra, renders the Eg scale and bias dependent and induces an error of about (2− 3)% at
z = 0.57 and of about (30 − 45)% at z = 1.5. At z = 0.57, the error induced by neglecting
these additional terms is well within the statistical error of the measurement of Pullen et al.
which is about 25%. It can also be accounted for as an additional systematic error to their
currently reported value which is about 5%. At higher redshifts probed by the upcoming
surveys which are expected to obtain higher precision measurements, neglecting this term
will bias the theoretical estimate of Eg.
As we noted in the beginning of this section, the exact value of the corrections to the Eg
due to these additional effects, largest of which is lensing contribution to the galaxy number
counts, depends on the value of galaxy bias and magnification bias. For instance accounting
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Figure 3. The relative error of the Eg for z = 0.57 on the left and z = 1.5 on the right. The choice
of dN/dz is the same as in the previous plots. The error is calculated assuming b = 1 and s = 0.
only for the additional lensing term we have
Eg ∝ C
κg
`
βCgg`
=
bCκδ` + (2− 5s)Cκκg`
b2Cδδ` + (2− 5s)2Cκgκg` + 2b(2− 5s)Cκgδ`
= E˜g
1 +
(
2−5s
b
)
r1
1 +
(
2−5s
b
)2
r2 + 2
(
2−5s
b
)
r3
, (3.3)
where
r1 =
C
κκg
`
Cκδ`
, r2 =
C
κgκg
`
Cδδ`
, r3 =
C
κgδ
`
Cδδ`
, E˜g ∝ C
κδ
`
βbCδδ`
. (3.4)
In the above expression κ denotes the CMB lensing while κg denotes the lensing of background
galaxies by the foreground galaxies. In the often encountered case where r1  r2, r3, the
correction is simply dressed by a factor (2−5s)/b which depends on the survey specifications.
To highlight the dependance of the error on b and s, in Fig. 4 we plot the relative error defined
as
∆Eg
E˜g
= 1− Eg
E˜g
(3.5)
as a function of (2− 5s)/b at z = 1.5. Different lines correspond to different values of `. As
is also clear from eqs. (3.3) and (3.5), for a galaxy population with (2s−5)/b = 0 the error is
reduced to zero. It is therefore best to consider surveys with s ∼ 0.4 and large bias for this
test.
4 Conclusions
The Eg statistics which combines the information from lensing, galaxy clustering and RSD
observables into a single statistics, has been proposed and used as a promising measure to
constrain deviations from GR. As the precision of the measurements is increasing, the impor-
tance of some of the effects that have been conventionally neglected in theoretical predictions
of Eg must be reconsidered. In this short paper, we point out one such effect, which is the
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contribution of lensing to the galaxy-clustering signal which has not been accounted for in
previous works.
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Figure 4. Relative error induced on Eg due to neglecting the lensing contribution at z = 1.5 as a
function of (2− 5s)/b. The choice of dN/dz is the same as in the previous plots.
In galaxy surveys, the number of galaxies at a given redshift and angle on the sky is
obtained by counting the galaxies within the observed volume. Since we observe galaxies via
the photons that have traveled to us on our background lightcone, the matter distribution in
between, deviates the photon trajectory and hence the angle at which a given galaxy is ob-
served. Moreover, the redshift at which galaxies are observed is is also modified. The change
of the angle and redshift induces various physical effects that modify the observed galaxy
distribution by introducing additional contributions to the well-known density perturbations
and redshift-space distortion. For instance there will be also a lensing term and several other
contributions from the gravitational potentials.
Here, we study the impact of neglecting these contributions, the dominant of which is
the lensing. We show that neglecting the lensing of number counts induces a theoretical error
for the prediction of both the convergence-galaxy cross-spectrum and the galaxy-galaxy auto-
spectrum. We consider the CMB convergence as the lensing tracer field. Our results indicate
that the size of the error depends on the redshift of the galaxy sample. At z = 0.57, the
relative error induced at angular scales of ` > 100 is of less than 5% for convergence-lensing
cross-spectrum and about a factor of 2 smaller for the galaxy-galaxy auto-spectrum. The
importance of the often-neglected lensing term, becomes more prominent at higher redshifts.
At z = 1.5 the error induced on Cκg` grows to about (25 − 40)% depending on the angular
scale. For current measurements of Eg which are performed at lower redshifts, for instance
at z = 0.57, the error induced by neglecting these extra contributions is small. However in
order to take advantage of the high redshift information from future surveys such as Euclid
to constrain Eg with higher precision, we definitely have to include the lensing term. With
this contribution the ratio Cκg/(βCgg) is no longer scale invariant nor bias-independent since
we have to add the bias independent Cκκ term to Cκg, which contributes a term inversely
proportional to b in Eg. Therefore, this quantity looses its interest to a large extent.
One way to circumvent this problem, might be to use the galaxy-galaxy lensing signal
to subtract the Cκκ contribution. Another very promising possibility is to measure Eg from
intensity mapping, e.g., with 21-cm surveys and CMB lensing as proposed in [26]. The
– 10 –
advantage of this is that because of flux conservations intensity maps have no lensing term
at first order [27].
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